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1. INTRODUCTION

Most of the presently available codes for computing the solution to an eiectromagnetic tran-
sient problem are written to solve a specific class of probiems. If one is interested in solutions to
several different types of problems, one must acquire familiarity with a number of ditferent codes.
Each code must be examined for its range of validity, and it may have to be modified to tit specific
needs. This process may be prohibitively time-consuming, particularly it one is interested in ap-
proximate solutions for a wide variety of problems, rather than a very accurate solution to a
specialized case. [t is the former type of soiution, combined with information about the antenna or
cable impedance, that often suffices for a vulnerability analysis of a given circuit attached to the
antenna or the cable.

The computer code TEMPO was developed with the objective of providing approximate solu-
tions far a wide class of electromagnetic puise (EMP) interaction problems in a form usable by a
circuit analysis code. The application of TEMPO was to be simple and efficient so that the user
would require a minimum amount of familiarity with the code, and the code was to be fiexible so
that a wide variety of solutions could be performed for a number of different conditions. Finally,
the problems addressed by TEMPO were to be practical cases that could ultimately be related to
cemmonly occurring problems in an EMP vulnerability assessment.

2. CODE ORGANIZATION

Since TEMPO is used in the EMP vulnerability assessment of complex military systems, it is
organized so ¢hat its application is an integral part of such an assessment. To do so, the EMP
coupling source is represented in terms of either a Thevenin or a Norton equivalent circuit, and a
circuit analysis is performed on the equivaient circuit and its ioad. Since the load circuit usually
contains nonlinear elements, the circuit analysis is performed in the time domain by using
availab'2 network anaiysis codes for circuits with nonlinear elements.

By separating the EMP vulnerability assessment into two parts consisting of the source
equivalent circuit and the load circuit, separate teams of investigators can be assigned to the two
types of problems. Initially. the coupling analysis can be performed by using simple linear loads
for the equivalent circuit, and the load circuit can be analyzed independently from the coupling
source by using simple driving sources. After the coupling source equivalent circuit and the load
circuit are adequately modeled, they can be combined for a vulnerability assessment.

Most computer programs using a large scale computer (like the Control Data Corp. (CDC)
6000 series or the IBM System/360 or 370 family of computers) are executed in a batch mode.
This mode requires that the user prepare a number of control cards for running the program and
data cards for supplying the input parameters to the program. Since the process of preparing
such cards can be time-consuming, TEMPO allows for an option to generate the necessary infor-
mation for running the batch job using two interactive programs. These programs are easily ex-
ecuted & a remote teletypewriter terminal and a2 designed to aid the user to accurately
describe the problem that he wants to solve.

With the interactive portion of initiating the batch job completed, the job can be placed in the
batch input queue at the central processing site, and output depends on the normal turnaround




time at the computer center. By running the programs in batch mode, there are no limitations on
the size of the programs that can be executed, except for those normally applicable to a batch
job. In principle, TEMPO could initiate any pertinent EMP interaction code previously run in a
batch mode on a large scale computer.

The result of the computation initiated by TEMPO is normaily obtainable in the form of a plot
of the transient response. The plot devices can be a remote line printer, a remote x-y bed plotter,
or a remote teletypewriter. By using the teletypewriter, it is possible to run TEMPQO and obtain an
output even if the only remote terminal available to the user is a teletypewriter.

The programs described in this report were written to run on an IBM System/370 Model 168
computer using the time sharing option (TSO)' for the interactive portions. They were originally
developed to run on a CDC Model 6700 computer using INTERCOM? for the interactive portions.
Hence, TEMPO can be run on either system with only a few minor changes from one version to
the other.

3. DESCRIPTION OF TEMPO PROGRAMS
3.1 Interactive Programs

The present version of TEMPO is written to provide approximate solutions to basic prac-
tical coupling problems for interactions with cables, antennas, and apertures. There are many
programs and subroutines used for performing the calculations. However, the user need concern
himself only with the following two interactive programs for initiating the computation process.

3.1.1  Program INPUT

Interactive program INPUT aliows the user to select one of five options. Three of the
options (ANTENNA, CABLE, and APERTURE) lead 1o solutions of coupling problems by using
theoretical models. The CW (continuous wave) option uses measured frequency-domain data to
describe the coupling. The FIELD option does not solve a coupling problem, but allows the user to
access program DRIVE without unwanted computations. After specifying a coupling problem, the
user is asked to supply information appropriate to that problem. For example, if the choice is
ANTENNA, he is asked to describe the antenna, specify the load at the terminal, and add other
facts. The user has an option to obtain a brief synopsis of the model used for the computation, in-
cluding references for additional information on the problem being solved. Once all the
parameters for a given problem are defined, the user is asked if he wants output for intermediate
steps in the computation. These could be, for example, the frequency spectrum for the transter
function, the impulse response, or the driving field. Finally, he must specify the output medium for
any intermediate steps and the transient response for the problem.

3.1.2 Program DRIVE

Interactive program DRIVE prompts the user to enter the type of incident tield to be
used for the problem. Several options for the incident field are available:

*0S/VS2 TS Command Language Reference, IBM Techrucal News Letter GC28-0646 3 (July 1976}
16000 Series INTERCOM 3 Reterence Manual. Control Data Corp Publication 60252800 Rev B (January 1972)




a. A data file, such as an experimentally determined incident field

b. One of several types of analytic functions (a Gaussian pulse, a sum of two or four
exponential curves, a damped sinusoid, a square wave, or a step wave)

c. Ahigh altitude incident field whose wave shape can have one of the six functional
forms in option b

d. An approximation to the surface burst EMP

Once the choice of the incident tield has been made, there is an option to compute the driving
field either in the time domain or in the frequency domain. If the incident tield is determined from
experimental data in the time domain, then there is no choice. However, if the incident field is an
analytic function, then computational error generalily is minimized by specifying the driving field
to be computed in the frequency domain.

3.1.3 Features of Interactive Programs

An attempt has been made to anticipate questions that a user might have during an
interactive session, and information is provided to the user in response to a HELP command. For
example, the user may be asked to specify the type of coupling problem. If he issues a HELP com-
mand, the program gives him information on what types of coupling problems can be soived by

using TEMPO.

After the interactive session is completed, a batch job is generated. This job can be
submitted through TSO to the batch input queue by issuing 2 SUBMIT'HK3010.JOB.CNTL" com-
mand. Aiternatively, if a punched deck of the job was requested during the interactive session,
this punched deck can be submitted independently of TSO. Once a punched deck for the job has
been obtained, this job can be submitted through a card reader at a batch terminaf.

3.2 Batch Programs

The remaining programs perform the numerical computations and generate an output
for the problem specified. They consist of several independent mainiine programs and
subroutines that pass pertinent data to one another via temporary data sets. Which program is ex-
ecuted depends on the type of problem being solved. For example, the INVERT (inverse Fourier
transform) program may or may not be required, depending on whether or not the computations
are performed in the time domain. The following sections and appendix A describe the mainline

programs and their subroutines.

3.2.1 Procedure IO

Although not a FORTRAN program, procedure 10 initiates all of the files to be used for
inputting, outputting, and transterring data. This procedure creates a file on unit 2 called the 10
file and then stores the input-output contro! (10) data on the file. The (O file is then read by each
program. it both passes pertinent coupling parameters from one program to the next and controls
the task of each program. The 10O file also stores any measured data submitted with the job.
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3.2.2 Program FRQ

Mainline program FRQ reads the IO file, defines the problem to be solved, and calls
the appropriate subroutine to compuie the frequency spectrum for the response. After the fre-
quency spectrum is computed, the resulting effective height and antenna impedance are written
on two separate files for further analysis. Subsequent Fourier transforms are computed for 2048
equispaced frequency points by using the fast Fourier transform (FFT) or for 256 equispaced fre-
quency points by using the LFILON transtorm.

3.2.3 Program ZANT

Program ZANT computes a lumped parameter network (LPN) equivalent to the anten-
na impedance for the problem being soived. The program is used if a time-domain equivalent cir-
cuit is required to represent the coupling problem. It applies when the antenna impedance shows
muitiple isolate resonances, so that the antenna impedance is easily represented as a series of
parallel resonant circuits.

3.2.4 Program FIELD

Program FIELD computes the incident electric field either in the frequency domain or
in the time domain as specified by the user. The subsequent convolution with the impulse
response for the problem is performed in the corresponding frequency or time domain. The op-
tions available for computing various types of fields have been described in the discussion of in-
teractive program DRIVE.

3.2.5 Program CONVOL

Program CONVOL computes the convolution of two functions, (1) the incident field
and {2) the impulse response for current or voltage for a given coupling problem. For a field scat-
tered by an aperture, the second function is the impulse response of the aperture. If both func-
tions are in the frequency domain, the product remains in the frequency domain. If both functions
are in the time domain, the convolution integral is performed by using a simple numerical integra-
tion in the time domain.

3.2.6 Program FOURIER

Program FOURIER transforms any one of three types of frequency spectra from the
frequency domain to the time domain: (1) the effective height of the current or voltage for a given
coupling problem or the transfer function for the field scattered by an aperture, (2) the electric
field component for the incident or ground-interacted field, or (3) the product of two functions
such as the incident field and the effective height of an antenna.

The Fourier transform is performed by using either (1) the Cooley-Tukey? aigorithm for
the FFT or (2) a numerical integration combining trapezoida! and Filon techniques (LFILON).* The
FFT is used in most cases, and the LFILON transform is available to verity the results obtained by

"/ W Cooley and } W Tukey. An Algorithm tor the Machine Calculahon of Complex Fourier Series. Mathematics of Computation 19 (Apri!
1965)

‘D G Dudley. Numerical inversion of the Fourer Transform. A Combination Trapezowal and Fion TechniQue. Lawrence Livermore
Laboratories, Livermore, CA, UCRL-51878 (1975)




using the FFT. The FFT is performed by using 2048 equispaced frequency points, whereas the
LFILON transform is performed by using 256 points. At present, the frequency points are
equispaced for the LFILON transform. However, in general, the LFILON transform can be used
with an arbitrary number of points with arbitrary spacings in the time domain, the frequency do-
main, or both.

3.2.7 Program QUTPUT

Program QUTPUT controls the output processing for a given run. The various
selected computed functions are plotted on a bed plotter, a line printer, or a teletypewriter,
depending on which device was specified as an output device. The plot routines are described
elsewhere for the bed plotter® and for plots on the printer.®

4. METHODS FOR EXCHANGING DATA BETWEEN BATCH PROGRAMS

Since TEMPO is a composite of various single purpose programs, the data must be passed
from one program 1o the next. Likewise, the instruction set and the problem parameters must be
accessed by each program. The following sections describe the input-output controls, the
parameters, and the file allocations.

4.1 Definition of Temporary Data Sets

Tape unit File name Type of data

1 -~ Temporary data storage used by program QUTPUT
2 0 Input-output and probiem definition parameters
3 FIMP Frequency-domain impulse response spectrum
4 IMPLS Time-domain impulse response spectrum
5 FIELD Time-domain electric field
6 PRINT Qutput to printer or teletypewriter
7 SYSOUT=B Output to bed plotter
8 FFIELD Frequency-domain electric field
9 FRESP Frequency-domain response to incident tield

10 RESP Time-domain response 1o incident field

1 ZA Antenna and cable impedance

*T v Noon. Enhanced Piotting Software for Use with the Houston instrument COMPLOT Piotter, Harry Diamond Lzboratories HDL
TM-75-32 (Cecember 1975}
*Egon Marx, Printer Verston of Piots Made by an Incremental Plotter. Harry Diamond Laboratories HDL-TM-75.33 (December 1975)




4.2 Description of IO Data Cards

Card Label
! 1 t
[ 2 IOFLAG (1),
| =110 10
3 FLAG (),
l=11020
4107 PARAM (1),
f=11020
81010 FPAR (),
=110 18

Term
MULCURVE IOFLGY
NCURVE IOFLG10
FSPEC IOFLG4

IOFLG(), | =

IOFLG(I)

and

IOFLG()

and
Log x scaie,
IOFLG(H

Description

Time increment for computing transient wave shape

Flags to indicate which type of output and which type of
output medium are desired

Flags 10 describe type of probiem to be solved and type
of field to be computed; also referred to as FLAG IA.
IB,.. .. IR

Pararneters to describe geometry and physics of scattering
object

Parameters to describe incident electric field for problem

4 3 Definitions for Input-Output Flags

Definiti

=1, 2, .. ., Depending on whether RESP, FIELD. . . ., contain
multiple curves

=Number of curves — 1 that are 10 be plotted if MULCURVE # C

=0 plot magnitude and phase
=1 plot real and imaginary

1,2, 3,5, 6,7, 8, are the outputs of files RESP, FIELD, IMPLS,

FRESP, FFIELD, FIMP, and ZA. respectively, and are plotted in accor-
dance with IOFLG4 and the following:

Linear x and y scales:

=1 plot output on teletypewriter
=2 pliot output on printer
=3 piot output on plotter

Allowed values for IOFLG(l)! =1,2,3,5.6.7.8
Linear x scale, log y scale for magnitude. real. imaginary

Linear x scale, linear y scale for phase:

=5 plot output on printer
=6 plot output on piotter

Aliowed values for IOFLG(l) | =5,6,7.8
Log x scale, log y scale for magnitude, real. imaginary

linear y scale for phase:

=8 plot on printer
=9 plot on plotter

Allowed values for IOFLG(l) | =5,6,7. 8

10




4.4 Filag Card

The liag card has 20 integers in columns 1 to 20: flags |A to 'T. The tlags control the
routing within the mainline programs and the subroutines so that the desired problem wilil be solv-

ed. Figures 1 to 8 indicate the uses of the fiags.

OEFINE
COUPLING
PROBLEM

COMPUTE FIELD ONLY

CURRENT YOLTAGE

SPECIFY
ouTeyY

v

-

MAINLINE
PROGRAM
ORIVE

Figure 1. Definition of flags {C, 1D (mairtine—INPUT).
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COMPUTE CURRENT

OR VOLYTAGE
IC=1 IC=2
CURRENT VOLTAGE

J/
\

TYPE OF CABLE

>
n
-
>
I
~N

SINGLE WO
CONDUCTOR CONDUCTOR

(8) From

E-FIELD
ORIENTATION

lE=1 IE=2
HORIZ VERT
SEE B

Figure 2.

POINT AT WHICH

T0 COMPUTE

RESPONSE

1B=1 B=2 iB=3
COMPUTE COMPUTE COMPUTE
RESPONSE RESPONSE RESPONSE
BETWEEN Z,
AT Z, AT Z,
, AND 2,

-

l

RETURN T0
MAINLINE (INPUT)

Detinition ot tlags IA, 1B, IC, IE, IF (CABLE).




=1 =
=12 TYPE OF ANTENNA 1A=6

SYSTEM

A=3 A=4

ISSILE
VERTICAL NORIZONTAL l PARALLEL I LOOP
MONOPOLE | |DIPOLE ‘m END)
; [ as-1852]
[w=1 ] [m=0 ] DESCAIBE

I DESCRIBE MODEL l

-~ N

TRANSMISSION wi
LINE | |__ITRI)

MODEL Y Y
- oescrie| | oescriee} | fpescrise DESCRIB
" | mooeL 006t || |mopeL MODEL

LooP
ORIENTATION |

VERTICAL

HORIZONTAL

~ -

S S daiennn o ot

COMPUTE CURRENT

OR VOLTAGE t

4

[‘comnent ] [ vourace 7 _ ,
T 3 o RETURNTO | |

T L _MANUKE | '

Figure 3. Definition of flags IA, IE, IF, IN (ANTENNA).
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DESCRIBE MODEL ]

-
-t

h=1 \IA=Z

LONG SLOT SHORT SLOT

POLARIZATION

PERPENDICULAR PARALLEL
10 SLOY T0 stor

RETURN TO
MAINLINE

Figure 4. Definition of flags IA, I1E (APERTURE).

AMTENNA
IMPEDANCE NESPONSE

FIELD
RETUNN TO MAINLINE

U S ——

EFFECTIVE
HEIGNT

Figure 5. Definition of flags 1A, 1B (DATA).
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DOMAIN FOR

I COMPUTING FIELD 1

TIME FREQUENCY

l |
Y

IN=0 IN=1
Ep l——— POLARIZATION - Ey
P y \p: 1
VERTICAL RADIAL :
COMPONENT COMPONENT

. |

~————————39{ PARTS T0 BE COMPUTED r“

|
IR=0 lm: 1N‘ '

ik,

r_——___ i
TOTAL GROUND INCIDENT REFLECTED '
Lrgngcren FIELD ONLY FIELD ONLY ’

}

TYPE OF INCIDENT FIELD

RESPONSE FUNCTION SIMULATOR

ON CARDS OR ON CARDS SURFACE

HIGH ALTITUDE

SET UP PROCEDURE
REQUIRED FOR BATCH
Jos

Figure 6. Definition of flags IK. IM, IN (mainline—DRIVE).
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TYPE OF
FUNCTION

IL=3 IL=d L= iL=6 ILn?
GAUSSIAN ™0 DAMPED FOUR SQUARE PULSE STEP
PULSE EXPONENTIAL SINE WAVE EXPONENTIAL PULSE n PULSE
™0
“ EXPONENT
1
REQUEST REQUEST REQUEST REQUEST REQUEST F REQUEST
APPROPRIATE APPROPRIATE APPROPRIATE APPROPRIATE APPROPRIATE AEQUEST APPROPRIATE
INFORMATION INFORMATION INFORMATION INFORMATION INFORMATION APPROPRIATE INFORMATION
] INFORMATION
RETURN T0
MAINLINE (DRIVE)
Figure 7 Definition of flag IL (FUNCTION)
TYPE OF
SIMULATOR
w="
READ
FROM AESOP REPS VEMPS
CARDS
REQUEST REQUEST REQUESY
APPROPRIATE APPROPRIATE APPROPRIATE
INFORMATION INFORMATION INFORMATION
- RETURN TO
MAINLINE (DRIVE)
Figure 8. Detinition of tlag IL (SIMULATOR)
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The tollowing flags are used in additon to those defined in figures 1 to &.
Flag Description

H Computation of equivalent network for antenna impedance
IH=0 computation not required
IH=1 computation required
IS Method used for computing Fourier transform
IS=0 wuseFFT
IS=1 use LFILON transtorm
1T Debug option
IT=0 no debug option
IT=1 debug option desired

4% Defintion of ARRAY Parameters (PARAM) 1 to 20

Parameter Definition
PARAM( 1} = RHO (resistivity) defimtion when solving cable problem

RHO = - 5E-5 1t analytical model C1 is used
RHO = 1 /ISIGMA (SIGMA = ground conductivity) if analytical

model C2 1s used

PARAM(2) For cable problem. = R1 ot series resistance-inductance-capacitance (RLC)
at cable terminals (ohms).
For antenna problem, = R of RLC load at antenna feed point (ochms)
For continuous wave (cw) problem, = R = |oad resistance (ohms)
For aperture problem, = H = iength of aperture (meters)

PARAM(3) For cable probiem. = L1 of senes RLC at cable terminais (henries)
For antenna problem, = L of RLC foad at antenna teed point (henries)
For cw problem, = IND= ioad inductance (henres)
For aperture problen. = W = width of aperture (meters)

PARAM(4) For cable problem, = C1 of series RLC at cable terminals (farads)
For antenna problem, = C ot RLC foad at antenna feed point (farads)
For cw problem. = C = {oad capacitance (farads)
For aperture problem, = R = distance from aperture tor computing electnc
tield (meters)

PARAM(5) For cable problem. = R2 of senes RLC at cable terminals (ohms)
For antenna probiem,
= H = |ength of antenna for monopole and dipofe antennas (meters)
= B = loop radius for l0op antennas (meters)
= H = rmussile length for missile problems (meters)
= H1 = 0.3 for AS1852 antenna. = 0.35 for AS1852 antenna (meters)

17




Paramete:

PARAM(6)

PARAM(7)

PARAM(8)

PARAM(9)

PARAM(10)

PARAM(11)

PARAM(12)

Definition

For cable problem, = L2 of series RLC at cable terminals (henries).
For antenna problem,
= D = antenna diameter for dipoles or monopoles (millimeters).
= R = wire radius for loop antennas (meters).
= A = missile radius for missile problem (meters).
For cw problem, = RES = antenna resistance {ohms).

For cable problem, = C2 of series RLC at cable terminals (farads).
For antenna probtem,
= X = H*XIN (H = missile length) representing relative position between
missile tail and missile nose for current calculations (XIN = decimal
number between 0. and 1.).
= X = HP+XIN (HP = missile plume length) representing relative position
between plume tip and missile tail for current calculations (XIN = decimal
number between —1. and 0.).
= LL = 2000 for system antennas AS1852 and AS1853.

For cable problem, = L = cable length (meters).
For antenna probiem,
= HP = plume length for missile problem (meters).
= Z01 = 50 for system antennas.

For cable problem, = X = value between 0. and 1. representing fractional
distance along cable for computing response.
For antenna probiem,
= R1 of series RLC termination on cable connected to antenna for system
antennas (ohms).
= SIGMA = plume conductivity for missile problems.
= 1.E7 (automatically) if plume length = 0.

For cable problem, = H = height of cable aboveground (meters).

For antenna problem,
= HG = height of antenna terminal aboveground for system, loop, monopole.

and dipole antennas (meters). j

= G = height of missile aboveground for missile problem (meters). 4

For cw problem, = HG = height of test point aboveground (if antenna
resistance is greater than zero) (meters).

For aperture problem, = HG = height of center of aperture aboveground
(meters).

For cable problem, = D = conductor diameter (meters).

For antenna problem,
= L1 of series RLC termination on cable connected to antenna for system
* antennas (henries).
= ALPHA = damping constant for missile problems.

For cabie problem, = S = separation distance between cables for two- i
conductor cable (meters).
For antenna problem,
= BP1 = inner plume radius for missile problem (meters).
= C1 of series RLC termination on cable connected to antenna for system
antennas (farads).

18




Parameter Definition
PARAM(13) For antenna problem, = outer plume radius for missile problem (meters).
For frequency plot, = muitiple of frequency increment (DF).

PARAM(14) For frequency piot, = maximum frequency for response plot (hertz).
PARAM(15) For frequency plot, = maximum frequency for field plot (hertz).
PARAM(16) For frequency plot, = maximum frequency for impuise plot (hertz).
PARAM(17) For frequency plot, = maximum frequency for impedance plot (hertz).
PARAM(18) For time-domain output, = maximum time for transient output (hertz).
PARAM(19) For time-domain output, = maximum time for field plot (hertz).
PARAM(20) For time-domain output, = maximum time for impulse plot (hertz).

4.6 Definitions of Field Parameters (FPAR) 1 to 18

Parameter Definition
FPAR (1) For function-described fieid, = peak amplitude (volts/meter) = YMAX,

For simulator field, = YMAX = peak tree field at 50 m.
For surface field, = YMAX.

FPAR (2) For Gaussian field, = WIDTH = puise width (nanoseconds).
For two-exponential field, = ALPHA = one of two decay constants (per
second).
For sine-function field, = OMEGA = (2+PI)/PERIOD «1.E9 (PERIOD in
nanoseconds).
For four-exponential field, = ALPHA = one of four decay constants.
For square-wave field, = WIDTH = pulse width (nanoseconds).
For surface field, = ALPHA.

FPAR (3) For two-exponential field, = BETA = one of two decay constants (per second).
For sine-function field, = ALPHA = 1 E9/e-folding time (e-folding time in
nanoseconds).

For tour-exponential field, = BETA = one ¢! four decay constants.
For surface field, = BETA.

FPAR (4) For four-exponential and surface field, = GAMMA = one of four decay
constants. :
FPAR (5) For four-exponential and surface field, = ETA = one of four decay constants. "‘i
1
)
FPAR (6) For four-exponential and surface field, = A1 = one of the three "‘weighting” !
constants. ' ’
FPAR (7) For four-exponential and surface field, = A2 = one of three '‘weighting”’ ‘
constants. |
19
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Parameter

FPAR (8)

FPAR (9)

FPAR (10)

FPAR (11)

FPAR (12)

FPAR (13)

Detinition
For four-exponential and surface fieid, = A3 = one of three “"weighting”’
constants.

For simulator field, = RO = radial distance from simulator (meters).
For high altitude field, = THETA = angle of incident field with respect to
ground (degrees).

For simulator field, = R2 = height of simulator aboveground.
For all other fieids, = PHI = polarization angle of total E-field vector measured
up from horizontal (degrees).

For computing reflected component of high altitude incident field, = SIGMA
= ground conductivity (default value = 0.01 mho).

For computing reflected component of high altitude incident fieid,
= EPSILON = ground dielectric constant (default value = 15).

For following three cases (loop antennas only), FPAR (13 to 18) have following
values:

For loop horizontally oriented with THETA (angle of field with respect to

ground) less than or equal to 45 deg (orientation of E-field's polarization is

unimportant here).

For loop vertically oriented with E-field verticaily polarized parallel to plane of
loop (THETA must be less than or equal to 45 deg).

For loop vertically oriented with E-field horizontally polarized (no restrictions
on field's orientation with respect to loop (THETA must be greater than 45
deg).

FPAR (13) = EX = Q. FPAR (16) = L = 1.
FPAR (14) = EY = 1. FPAR (17) = M=O
FPAR (15) = EZ = 0. FPAR (18) = N = 0.

For following three cases (for loop antennas only), FPAR (13 to 18) have
following values:
For ioop horizontally oriented with THETA greater than 45 deg (orientation of
E-field’s polarization is unimportant).
For loop vertically oriented with E-tield vertically polarized perpendicular to
plane of loop (THETA must be greater than 45 deg).
For loop vertically oriented with E-field horizontally polarized (no restrictions
on field's orientation with respect to loop) (THETA must be less than or equal
to 45 deg).

FPAR (13) = EX = 0. FPAR (16) = L = 0
FPAR (14) = EY = 1 FPAR(17) =M =0
FPAR (15)=EZ = 0. FPAR (18) = N = —

N
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APPENDIX A
A-1. PROCEDURE TEMPO

Procedure TEMPO (listing A-1) can be used through the time sharing option (TSO) to execute in-
teractive programs INPUT and DRIVE. After procedure TEMPO i1s completed. the new batch job can be
submitted to the job stream by specifying a SUBMIT JOB command. The various data sets such as 10,
CW, and JOB can be examined and altered by using the TSO EDIT command

Listing A-1. Procedure TEMPO

00010 PROC 0
00020 CONTROL NOMSG

00030 FREE FILECFTOIF001,FTO2F001,FT03F001,FT04F001,FTOSF00!,FTO7F001) i
00040 CONTROL MSG

00050 ALLOCATE DSNAMEC*) FILECFTOIFQ01)

00060 ALLOCATE DSNAME(®> FILECFTO02F001) ]
00065 ALLOCATE DSNAMECIO) FILECFTO3FG01)

00070 ALLOCATE DSNAME(JOB.CNTL) FILE(FTG4F001)
00080 ALLOCATE DSNAME(CWDAT) FILE(FTOSFQOI)

00090 ALLOCATE SYSOUT(B) FILE(FTO07F001)

00100 FORTGO C(INPT)

00110 FORTGO (DRIVE)

00120 CONTROL NOMSG

00130 FREE FILECFTO1F001,FT02F001,FTO3F001,FT04F001,FTOSF001,FTO7F001)

00140 CONTROL MSG '
END OF DATA




APPENDIX A

A-2. PROCEDURE IO

Procedure 10 (isting A-2) 1s usea the hrst ime that the 10 parameters are to be read from cards A!
the same time a: lemporary data sets to pe used in a TEMPO batch job are defined

Listing A-2 Procedure ..
/713 PRLL

/73 TOM HARRIS,303-569-1745, 1 JULY 178" » INDEFINITE
/7¢ INITIATES INPJUT AND DATA FILES

/13

//°THLIS PRUCEDJRE READS IN 10 DATA (ARDS USED TO DESCKRIBE THE PRUBLEM 1
/73 10 Bt EXECJTED BY TEMPU.  THI® INCLUDES OT,I10FLAGEY), FLAGEI), i
/12 PARAMIL) s AND FPAKLI)

/72

//7CPY  EXEL POGM=TEFGENEK

//SYSIN DD DuMMY

//SYSPRINT DL DUMYY

£/75YSUT2 00 DSN=LLTU,DISP=ANERSPASS),INLIT=SYSDA,

l/ SFACE=C¢TRK,61,1)),

1/ OCB=(RECFM=FH,LRECL:B0,BLKSIZE=80C)

J/FTQU3FICL 0D DSN:=LLFIMP,OISF=(NEmy2ASS ),

/1 UNIT=VIO,SPACE=(TRKy (a1}

// CCE=tRECFM=VS BLKSTIE=4L9¢)

J/ETO4WFI0L DD DSN=LEIMPLS,DISP=(NEW,PASS),

// UNJT=¥13,SPACE=(TkK,{1,1}), ]
1/ DCE=CRECFM=VS,BLKSI12E=4(9¢)

//7FTOSFO0)  UD  DSN=ELFIELD,DISP: (NEW,PASS),

’/ UNIT=VIO,SFACE=¢TRK, {1,111},

// LOBE(RECFM=VS BLKSI2E=4096)

FIETO6FO01 LU  OSN=LEPRINT,UISP=(NEN,PRSS),

11 UNIT=VID,SPACE={TRK,19,9])),

/7 DCB=CRECFM=FA,LRECL=133,BLXSIZE =133) <
J/7FTUTFOOL DD OSN:=LLPUNDATA,DISP=IN:W,FASS),

/7 UNIT=VIC,SPACE=(TRK 441 ,1)),

/1 DCB=(RECFM=FB,LRECL=BUBLKSIZE=£)0}

/7FYD3FJC1 DD DSN=LEFFIELD,DISP:=(NEA4PASS),

,7 UNIT=VIJ,SPACE=(TRKy§1,410 1},

’/ DCB=A(RECFM=VS yBLKSIZE=64(9¢)

J/7ET09FO01 DL DSN=LEFPROD,DISP={(NIN,PASS),

1/ UNIT -v1J,5PACE=LTRK, (1,100,

’/ DCE=C(RECFM:=VS,BLKSIZE=4 -96)

/7FT10F301 DD DSN=LLRESP,DISP=¢NEW,2ASS), :
1 UNIT:=VIDSPACE=(TRK,81,1)),

// DCL=CRECFM:=VS,BLKSIZE=6(9¢)

J/FT11FJ01 LD DSN=£LZA,DISP=(NEw,FASS),

/7 UNBT=VII,SPACE=LTRK, (1,101,

1/ DCE=C(RECFM=VS ,BLKS12E=4" 96} 1
J/FT20F00Y DD DSN=LENLIN,DISP=INEW,?ASS ),

1’ UNIT=VI],SPACE={TRK,19,9)), 1
/7 DCR=(RELFM=VS  BLKS1ZE=4(9¢)

. ra




APPENDIX A
A-3. PROCEDURE {0t

Procedure 101 (listing A-3) reads cards into a specified temporary data set The default value tor
the temporary data set is 10, since this procedure 1s normally used to read a new set of parameters into
the temporary data set 10.

Listing A-3 Procedure 101

//131 PRIC FILE=*CLEI0*,LUT=X

1le W, J. STARK, 664-62364, 17 MG 77, INDEFINITE
//% READS 1D DATA

/7131 EXEC POGM=IEHRGENEN

//SYSIN DD OQuUmMMY

£/7SYSPRINT DD JuMey

//75Y50T2 OC DSN=EFILEZDISP=(ULD,PASS)
4/C3PY  EXEC POGH=1EBLCENER,CUND=EVEM
//7SYSIN DD DLMMY

//7SYSPRINT DL JuMvy

//8YSJT1 DC DSN=LFILE,DISP=L0LC.PASS)
//SYSJT2 DD SYSUUT =L0UT

A-4. PROCEDURE 102

Procedure 102 (listing A-4) copies a short term or permanent data set into a specitied temporary
data set. The name of the input data set must be specified on the EXEC statement. The default value for
the temporary data set1s FIMP, since this procedure is normally used 10 copy continuous wave (Cw) data
into the temporary data set FIMP.

Listing A-4. Procedure 102

/7332 PRIC IN=,UJY-=%CLEFIMP!

/19 Ao Jo STARK, 664-6234, 2 APR 17, INDEFIN]ITEL
/7% COPIES FILES

//03PY  EXEC PGM=IEEGENER

//SYSIN DD JUwMY

//SYSPRINT DD DUMMY

7/75¥5011 DD USN=LIN,DISP=(OLD,KEE})
//78Y50T2 DD DSN=LAUT,0LSP=(CGLD,PASS)
1’/ EXEC POGM=TEBGENER ,CUND=EVEN
//5YSIN DD DuUMMY

//7SYSPRINT Q20 Jumuy

//S5YSUT1 DD DSN=LOUT,DISP={ULD,PASS)
7/5Y5.7T2 2D SYsSOuUT=A
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APPENDIX A
A-5. PROCEDURE FRQ

Procedure FRQ {hsting A-5) loads and executes program FRQ with the appropriate subroutine The
appropriate FAMP subroutine must be specitied on the EXEC statement Otherwise, the defauit value of
FAMP 1234 is used. If more than one frequency spectrum is to be computed, then FDISP = MOD must be
specihied on the EXEC statement

Listing A-5 Procedure FRQ

//7FREQH PRUL FAMP=FAMP1I234,FD1SP=LLD,IDISP=ULD

//% TOM HARR}S,303-599-1745, 1 July 1980 » INDEFINITE

/72 C(IMPUTES FAMP FILES

FILKED EXEC POM=FTEWLyREGIUN=ZSOR o FARM= O NCMAP L IST  NUXREFLLET®

A

A4 THIS PROCEDURE EXECUTES THE FREQJENCY TMPULSE RESPUNSE MAINLINE
//% PRUGRAM. THE PRNCEDUKE CARD %JST HAVE FAMP-=-FAMPSUBROUTINE 10 BE
/19 EXECITED .,

/19

[/7SYSPRINT DL JuMMY

//7%YS50L13 D0 DSN=*HK3014.TEMPLP4"*,D185°=5HR

/7 DD OSN=SYS1.FORTLIB.DL1SP=54R

/1 D0 OSN=SYS1.PAGLUADOISP=S4R

//5YSJ11 20 UNIT=SYSDA,SPACE=(1C26,(200,+20))
/7SYSLMO0 DD DSN=ELOGOSETUMAINI UNIT=5YSDA,DISP={,PASS]),
/7 SPACE=CTRK 4(30,104¢))

//SYSLIN O0 DSN=HK3014 .LXEDING(LFA4>),DISP=5HR
//FREQ EXEC POCM=9 LKED ., SYSLMOD ,(OND= (8 4LT ,LKED)
//7FTO02FJ01 DD DSN=LLIU,DISP=1ULD,FPASS)
J/FY03FJ01 DD DSN=LELFIMP,DISP=(LFDISP,PASS]
J/FTL6FI01 D DSN=CLPRINT,DISP={(M(D,PASS)
J/7FET0BFO01 DD  DSN=CEFFIELLLDISP=CULU,PASS)
//7FT09FJO01 0D DSN=LLFPROD,DISP=40LD,PASS)
//FT11F001 DD DSN=ELELZADISP=(LIPISP,FASS)
J/FT20F001 DD DSN=CLENLIN,DISP=LLLD,PASS)

/7001 DD  DSN=CLLGOSET,DISP=(PLL,DELETE)
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APPENDIX A

A-6. PROCEDURE EFIELD

Procedure EFIELD (isting A-6) loads and executes programs EFIELD and EFIEL1. if more than one
field is to be computed, FRQ = MOD or TIM = MOD must be specified on the EXEC statement, depending
on whether the field computation is in the frequency domain or the time domain.

//EFIELOH FROC
/7% TJ4% HARRIS

£/ CIMPUTES E
/7
//°® THIS FR
/7=

//LKED EXEC
[/SYSPRINT DD
//75YSL 1B 0
¥ 20
/7 20
//75Y5JT1 or
//78YSLMOD DD
4

//7SYSLIN 20
/7EF LD EXEC
//7ET02FJ01  OD
//FTO3FJ01 DD
//FT0SFOC) D
//7FT06F001 DD
//FET08FJ01 DD
77021 DD OSSN

Listing A-6. Procedure EFIELD

FRI=OLD,TIM=0LD
»303-599-1745, 1 JULY 138D ¢ INDEFINITE
FLELD

QCEJURE EXECUTES THE EFIELD MAINLINE PRUGRAM.

PGM=TERL¢REGION=250K (PAIM= *NOMAP oL IST,NUXREF HLET?
DUMMY
DSN=*HK3014 .TEMPC4*,0I5”=SHR
DSN=SYSI.FURTLIB DICP=54R
ISN=SYS1.PAGLUAD +D 5P 254R
UNIT=SYSOA,SPACE=(1124,(210,42"))
DSN=LLGUSETIMALINDIUNIT=SYSDA,DISP=1,PASS),
SPACE=(TRK 4(10,10,2))
DSN=HK3014 LKEDINGCEFLIE D)o DISP=SHR
POM=2 LKED.SYSLMUD(OND=(B 4L T 4LKED)
DSN=LL10,D15P=(0LD.PASS)
DSN=LLFIMP,DISP=ILLL,PASS )
DSN=CLFIELD,DISP=(ET14,PASS)
DSN=LLPRINT,DISP=tMD,PASS)
DSN=LEFFIELL DISP=(LFRC,PASS])
sCLS0SET WO1SP=(CLULCELETED




APPENDIX A

A-7. PROCEDURE INVERT

Procedure INVERT (listing A-7) loads and executes program INVERT and the appropriate
subioutine. The default value for this subroutine is FFT1. Otherwise, FOURIER = LFILON must be
specitied on the EXEC statement. }f the impulse response. the field. or the transient response is to bé com-
puted more than once. then IDISP. FDISP, or RDISP, respectively, must be set equal to MOD on the EXEC
statement.

Listing A-7. Procedure INVERT

J/7INVERTH PRUC  IDISP=0LL FDISP=0LD,R2ISP=0LD,FORIER=FFT]
/7% TOM HARR1S,303-599-1745, 1 JULY 1980 + INDEFINITE
/75 COMPUTES FFY

/18

/7% THIS FRICEDURL EXECUTES THE F3JRIER TRANSFORM MAINLINE PROGRAM.
/13 AS OF 1 JULY,1989, THIS COMPUTES AN INVERSE FOURIER TRANSFORM,

//® FREQUENCY TO TIME DCMALK, ANC IT 1S EXPECTED 10 COMPUTE A FURWARD
//3 FOURLER TRANSFURM TIME TO FREQUENCY DUMAIN, IN THE NEAR FUTURE.
/3

//LKED EXEC PCM=TEWL REGITCN=250K PARM= *NOMAP oL ) ST JNUXREF,LET®
//SYSPRINT OU DUMMY

//75YSL1B 0D DSN=*HK3014.TEMPU4?®,DIS?=SHR

/7 OU DSN=SYS1.FURTLIBDISP=51R

/715Y5UT11 DU UNIT=SYSDASPACE=(1.24,(270,27))

//75YSLYID  CD DSN=ELGOSET(MAIN)UNIT=SYSOA,DISP=(,FASS]),
/! SPACE=4TRK,{10,10,2))

//5YSLIN 20 DSN=HK3014 LKEDINGIEFORIER) 4D 1ISP=SHR
//FOUR EXEC PGM=2_LKED.SYSLMOUD,(DND=4B LT ,LKED)
//FT02F001 L0 OSN=LLI0LDISP=(OLD.FASS)

//EV0O3FI01 €D DSN=CLFIMP,DISF=(ULD,”ASS)

//FTO4FDO01 DD ODSN=LLIMPLS,DISP=C(LIDISP,PASS])
J/FTUSFI0L DD  DSN=LLFIELD,DISP=(LFDISP4PASS])
J/7FY06F00) DD  ODSN=CLELPRINT,DISP=(MOD4PASS)

J/FTOB8FJ01 DD DSN=LLFFIELD,DISP=({RI4PASS)

/7FTO3F001 DD DSN=LELFPROD,D1ISP={0LD,PASS)

F/7FTI0FI01 0D OSN=CLLRESP,DISP=ILRDISP,PASS)

//0D1 DD OSN=CLELGOSET,DISP={OLDSUELETE)




//7CINVILH

/1%

A

//7LKED EXEC
//7SYSPRINT
/75Y5118

//

//3YSJT1
//75YSLMID
1/

//7SYSLIN

//7FT102FJ01
//FT03FOUL
/7/FT106FJ01
//F105F001
//7F106FQ01
//FTOBFCOL
//7FT03FJ01
//FT10F701
//031 D0

A-8. PROCEDURE CONVOL

APPENDIX A

Procedure CONVOL (listing A-8) toads and executes program CONVOL It more than ore convolu-
tion 15 to be performed, then FRQ = MOD or TIM = MOD must be specified on the EXEC statement, depen:
ding on whether the convolution is in the frequency domain or the time domarmn

Listing A-8. Procedure CONVOL )

PhuC TIM=CLD,FRG=ULD

op
ob
Do
oL
20

1Y

//C3NY EXEC

(V)
LD
o
1)
0D
0
vd
W}
J9N

//8 T34 HARRIS,303-599-1745, 1 JULY 138) v INDEFINITE
/7% COMPUTES (INVILUTICN

/7 THIS PRICEDURE EXECUTES THE C(ONVILUTION MAINLINE FROGRAM .

//= IT COMPJUTES EITHER A TIME [OMAIN CONVOLUTIUN OF THE IMPUL St KESPONSE
/7% AND EFTELD DRIVE, UR A FRECUENIY COMAIN PRCODUCT (UF THE FKEQUENCY
/7% DUMAIN

RESPONSE AND FREGUENCY DUMAIN EFIELD DRIVE.

PGM=TEWL gREGIIIN=250K o PARM=®NOMAF oL IST  NUXKEFLET"

JuMMY

DSN="HK3014 .TIMP:4* ,DIS? =SHR

DSN=SYS1.FORTLIE (DISP=54R

INIT=SYSDASPACE=(11244(270,20))

ISN=LLGCUSETIMAIND JUNTT=SYSDCA,DISP=(,PASS),
SPACE:=(TRK 3 (1us1Ny2))

OSN=HK3014 . LKFEDING(CONVIL) 4D SP=SHR

PGM=2 LKED.SYSLMUD(OND=(84LT ,LKED)
DSN=LEID,DISP=(ULLLPASS)
DSN=CLFIMPLISP=UULL,?ASS)
DSN=LLIMPLSLISP=LULD,PALS)
DSN=LLFLIELD,DISP=(0LD,PASS)
DSN=LLPKENT,DISP=(MCD,PASS)
DSN=CEFFILLLLDISP:-((R)4PASS)
OSN=LLFPROD,DISP=LLERJI,PASS)
DSN=LLRESP DISP=(LTIN,PASS)

SLESOSET4DISP=(LLDLDELETE)

k)




APPENDIX A
A-8. PROCEDURE OUT

Procedure OUT (iisting A-9) foads and executes program OUT The default value ot O~FPLOT =
"HKZ001 OFFPLOT' aliows the user to write output to the bed plotter on magnetic tape for subse Juent off-
line ploting The substhitutable parameter OFFPLOT must be set equal to SYS1 DUMMYLIB for on-ine
plotting The default value ot HLDPLT = YES allows the ou!r* .0 the plotter to be placed in nold so that the
operator can mount a magnetic tape for the off-tine plot option Otherwise, the user mus! specily HLDPLT
= NO on the EXEC statement Substitutable parameters SYST and HLDPRT are used when a job 1s stbmut-
ted through TSO and 1t 1s desired to recover the output at the TSO terminal such as a plot on the
teletypewriter In that case. the user must set SYST = Z and HLDPRT = YES. The outpul can then be
recovered at the TSO terminal by 1ssuing the QUTPUT (JOBID) command.

Listing A-9. Procedure QUT

//0UTH PRUC OFFPLGT="HK3014 .0FFPLOT*, SYST=A,HLOPLT=YES,HLOPRT=ND,

/7 D15=PASS,PUN:B

/78 TOM HARR]S,303-599-1745, 1 JULY 138 s+ INDEFINITE

/7% QJTPUT RUJTINE

/e

/e THIS PRICEIURE PLOTS THE OUTPUT RESULTS FROM TEMPU AS CONTKOLLED
//e BY THE I10FLAGS IN THEt 17 DATA DECK

1/

F/LKED EXEC

//SYSPRINT

or

POM= 1EWLgREGIUN=250K yPAIM= " NOMAP yL 1 ST \NUXREF ,LET®
DumMyy

7/75vSL18 Df DSN=LUFFPLOT,DISP=3HR

/7 LD DSN-'HK3010.ANAPAC ' ,0ISP=SHR
’/ 2D DSN=53YS1.FURTLIB,DISP=54R

7/ OD DSN=SYS1.PAGLOAD,DISP=SHR

/7 DD USKN='HK3UL4.TEMPL4®,D] 5P =5HK

2/8Y5JT11 U UNIT=5YSDA,S5PACE=01M24,1220,20))

7/SYSLMID DD DSN=CLGUSETAMAINIyUNIT=5YS0A,015P=C+PASS),
1/ SPACE=(TRK ,(10,10,2))

//SYSLIN DD DSN=HK3036 LKEDINGLLUT),DISP=SHR

/7047 EXEC POGM=9 LKED.SYSIMPD,COND:=(B,LT ,LKED)

J/FTOLFIOT GO UNET=VIUDISP=04PASS)+SPACE=ECYL,13,1))
//FT02FQ0) DD DSN=EL1U,DISP=(ULDLOELETE)

//7F103F00) DD OSN=CEFLIMP,DISP=AULO,JELETE)

//7FT06F00) 0D DSN=LLIMPLS,D1SP={0LD,DELETE)
//7FT05F2U1 DD DSN=LEFIELD,U1SP=(OLD,DELETE)D
/7€T06F001 ©OD OSN=LLPRINT,DISP=IMID,PASS)

J7FVOBFO01 D OSN=CCFFIELOLOISP={{L ., OLLETE)
J/7FT09F001 DD OSN=LLFPROD,DISP=(0LD,LD15S)

F7FV1I0FD01 DD OSN=LELRESPDISP=(CLD,LDLS)

//7FT11F00) DD DSN=ELZA,DISP=(0OLD,.EDLIS)

//FT12F301 0D UNIT=ViD,DISP=1,PASS),SPACE=ICYL,(1,1]})
//7FT20F001 CD  OSN=LENLINGDISP=(LLDs JELETE)

/7 EXEC POGM=TEBGENER CUND=EVEN

//75YSIN DD DUMMY

//7SYSPRINT DU DuMMY

£75YSJTY DD DSN=ELPRINT 4DISP=40LD,DELETE )
775YSUT2 DD SYSQUT=LSYST L HOLD=EHLLPRY

/7001 DO

4 EXEC
/7/5YSIN DD DUMMY

7/7SYSPRINT DD DUMMY

775Y8S4T1 0D DSN=(LLPUNDATA,DISP={DLDDELETE)
//7SYSUT2 00 SYSQUT =LPUNHULD=ENLDELY

OSN=ELGOSET,015P=40LDDELETED
PGM=TEBGENER,COND=E VEN
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ADMIN YSTRATOR

DEFENSE TECHNICAL INFORMATION CENTER
ATTN DTIC-DDA (12 COPIES}

CAMERON STATION, BUILDING 5
ALEXANDRIA, VA 22314

COMMANDER

US ARMY RSCH & STD GP (EUR)

ATTN CHIEF, PHYSICS & MATH BRANCH
FPO NEW YORK 09510

COMMANDER

US ARMY MISSILE & MUNITIONS
CENTER & SCHOOL

ATTN ATSK-CTD-F

REDSTONE ARSENAL, AL 35809
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